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Specific heat at constant pressure, cal/(g)(°K) 


<T> - 1®[ T E %«?>, + £ - E "1(8?)! * A ] (7) 

Derivative of logarithm of pressure with respect to logarithm of density 
at constant entropy 


^s 

Coefficient cf viscosity, poise 

t-i = 


Coefficient of thermal conductivity, cal/(sec j(ca)(°K) 


E Pi D i 

= P (D A -1) 


PM 


V p i 

v 


(a) 


O) 


k = “ (°p + 1 1) 

Uhen composition is assumed to be frozen, equations (7) and (8) 
become 

Specific heat at constant press\;re assuming frozen composition 
c.al/(s)(°K) 


( 10 ) 




xrozen 



( 11 ) 


Derive. 



of Icgei'itb’i cf pressure with 
nt entropy c.sevning frown cov 


rerpect to 
position 


logarithm cf density 


KT 


unfrozen 




ozon 




( 12 ) 


combustion 


Ives of viscosity eni th-'rrcl. conductivity for mixtures of 
gc.se s calculated by a eras of equations (9) and (10) are only 
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approximate. When more reliable transport properties for the various 
products of combustion become available , a more rigorous procedure for 
computing the properties of mixtures may also be justified. 


THEORETICAL PE3FC3i:\KCE DATA 


The calculated values of the various performance parameters for a 
combustion pressure of 300 pounds per square inch absolute and at exit 
pressures corresponding to altitudes of 0, 10,000, 20,000, 30,000, 

40,090, and 50,000 feet are given in table II for ten equivalence ratios. 
The values of pressure corresponding to the assigned altitudes were taken 
from reference 6. As an aid to engine design, the values of the param- 
eter a within the rocket nonale for GO, 20, ICO, 110, and 120 percent of 
the throat precctro ere tabulated in table III. Equilibrium composition, 
y , specific heat cut constant pressure, coefficient of viscosity, coeffi- 
cient of therm cl conductivity, and rz'cva molecular weight in the combus- 


tion c 

r i : 'h 


not ter. 


cna c.t a::sig 
action of F 2 ’• 

sd in v ■ ble IV. 


:i\ exit temperatures ere given in table. IV. 

’.ins always less than O.C2002 and therefore was 




The pa re ’.rj tors arc plotted in figures 1 to 9. Curve 3 

: for via p:lr. r.lt.V'ra 2 S cue she-' a in figure 1 plotted 
fuel. Tv.:: i ui.av lv; cf . . :eific i. also for 
is 511.5 po- ad-,, conic per por-r-vj at £1.1 percent of 




'.oleios of specific i: pulse end tie weight p wceentages 
r were obtained by nv.w.ricc.l diff . :nti&tion of the 
r.-ad ace oh: own in figure 2 an functions of altitude, 
ic 3" pulse i’ocreuo :a 22 percent for a change in elti- 
1 to 50,CC0 foot. 


Curves of coabuotion-e' her i: 
ture to.' the six altitudes wo proa' 
weight percent fuel. The maximum cc 
1' ; 1C° 1C st 21.4 percent fv?l by wel; 
perr.tvve curves occur moor the sto.l. 


arature . end nozzle -exit temper a- 
atod in figure 3 as functions of 
bust ion to:, perr.ture obtained was 
at. The m xiraurs of the exit tem- 
jie.uatric ratio. 


Chav act or istic velocity oral coefficient of thrust ore plotted in 
figure 4 end ratios of tic area ct the re., ale exit to the area at the 
throat are shown in figure 5 ns functions l of weight percent fuel. 

Curves of mean molecular weight in the combustion chamber and 
nozzle exit are plotted against weight percent fuel in figure G. 
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Curves of specific heat at constant pressure, coefficient of vis- 
cosity, and coefficient of thermal conductivity for six pressures are 
plotted in figures 7 to 9 as functions of weight percent fuel. 

Fr ozen c or-no sition . - In order to compare data haeed on the assump- 
tions of equilibrium end frozen composition during the expansion process, 
several additional calculations were made assuming frozen composition. 
These are presented in the following table together with corresponding 
equilibrium data for the stoichiometric equivalence ratio and expansion 
to two altitudes: 


Parameters 

Altitude 

Sea level 

50,000 feet 

Equili- 

brium 

Frozen 

Equili- 

brium 

Frozen 

I, Ib-GGC/Ib 
c°, ft/sec 

°F 

®e/®t 
T e , °K 

311.0 

7019 

1.426 

3. DOS 
3113 
20.72 

207.9 

6620 

1.385 

3.131 

2026 

19.10 

379.2 

7019 

1.733 

18.71 

2130 

21.14 

, 

333.2 

6690 

1.617 

12.90 

1122 

19.10 


The percentage differences in these per. 
composition ere considerably higher for 
expansion to sea level. 


-esters for frozen and equilibrium 
expansion to 50,000 feat than for 


For a combustion-chamber pressure of 300 pounds per square inch 


as solute 
: nac: .. :'.e 


and c.n exit pressure 
tree ills e a 


the values of maximum 


: 311.5 pound- seconds per pound at 24.1 percent fuel 
by weight for equilibrium composition during expansion and 2S0.0 pound- 
seconds per pound at 25.7 percent fuel by weight for frozen composition 
during expansion. t 


Chamber -pressure effect . - According to KACA data for liquid hydra- 
zine with liquid fluorine, the parameters c°, Cp, and S e /S t are very 

nearly linear with the logarithm of chamber pressure for a fixed equiva- 
lence ratio and expan .-ion ratio. For the stoichiometric equivalence 
ratio. Increasing chamber pressure by a factor of 2 resulted in a change 
of +1.0 percent for c °, and changes of -0.1 percent for Cp and 

-1.0 percent for S e /St for an expansion ratio of 20.41; and changes of 
-0.6 percent for Cp and -3.3 percent for S e /St for an expansion ratio 
of 326.5. It is expected that the values of c*, Cp, and S e /S t given 
in this report for liquid ammonia with liquid fluorine for a chamber 
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pressure of 500 pounds per square inch absolute may be used at other 
chamber pressures vith similar small differences. Greater precision can 
be obtained by additional performance computations for other chamber pres 
sures. 


Levis Flight Propulsion Laboratory 

Rational Advisory Committee for Aeronautics 
Cleveland, Ohio 
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TABLE I. - PROPERTIES OF LIQUID PROPELLANTS 
[^Temperatures in super scripts, °C.J 





Molecular weight , M 
Density, g/cc 
Freezing point, °C 
Boiling point, °C 
Viscosity, centipoises 


Enthalpy of formation at Boiling point 
frc:.i elements at 25 °C, AH-., kcal/mole 


Enthalpy of vaporization, AH, kcal/mole 
Enthalpy of fusion, AH, kcal/mole 


17.032 

^.es -33 *^ 

c -77.76 


'-33.43 


a 0.255" 33 * 5 


-17.14 


c 5.531 _33,4:3 

c 1.35l“ 77 * 76 


38.00 
bi. 54-196 


c -217.96 
c 


-187.92 


-3.030 


c 1.51 -187 * 92 

C 0.372 _217 * 9S 


a Reference 3. 
by 


Reference 4. 
Reference 2. 


^Reference 5. 
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absolute; exit pressure corresponding to altitude indicated. 
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Figure 9. - Theoretical coefficient of thermal conductivity of combustion 
products of liquid ec.vcnia with liquid fluorine. Iecntropic expansion as sun 
ing equilibrium ccrpositicnj co bu3tion-cban.bcr pressure, 300 pounds per 
oquare Inch absolute; exit pressures as indicated. I 1 - 
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